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◘ⱴꜞכ 

 

 

(1)  

1960 ⁸▪ꜞ♂♫ ⁸◌ꜞⱨ◊ꜟ♬▪ ⁸ⱨ꜡ꜞ♄ ⁸♥◐◘☻ ⌐⅔™≡

╡№╢ ─ ⌂ ╩ ≤⇔≡ ╩ ∆╢√╘─ ⅜ ↕╣≡⅝√⁹

╛ ↕╣╢ │ ₁∞⅜⁸ ─ ™ ⌐⅔↑╢ ⌂

⌐╟╢ ─ ╩ ←≤™℮ ─ ⅛╠⁸ ₁⌐⁸ ⌐ ∆╢ ┼≤

⇔√⁹↕╠⌐⁸ ⁸│☼כ♬─ ─ ╛ ┌≈⌂≥─ ╙№╡⁸ ⌂

┼─ ╩ ╘√⁹↓─ ╣─ ≢⁸╟╡ ↄ ─ ⁸⅔╟┘⁸ ⅛╠ ⌂

┼≤⁸ ─ ⅜ ↕╣╢╟℮⌐⌂∫≡⅝√⁹ 

1992 ⌐│⁸ EPA ⅜⁸ ─ ⌐ ∆╢●▬♪ꜝ▬fi

╩ ⇔⁸ ─ ⌂ DPR ⅔╟┘ ⌂ IPR ⌐≈™≡─ ╩

⇔√⁹∕─ │ ●▬♪ꜝ▬fi⌐ ≠⅝⁸ ─ ╛ ⅜ ⌐⌂∫≡

IPR/DPR ⅜ ╘╠╣≡⅝≡™╢⁹ 

ⱠⱣ♄ │ ⌐№╡⁸ ⅛╠╙ ™↓≤⅛╠⁸ ─ ≤⇔≡ ⌐

⅝ↄ ⇔≡™╢⁹ ─ │⁸ ≢─ ╛ ╩ ↑≡⁸ ─

╛▪◒☿☻─ ™ ─ ⌐⅔™≡ ╩ ⇔≡™╢⁹∕─ ≢⁸ ⇔√

╛ ─ ⌐ ↑≡⁸ ─ ⅜ ╕∫≡™╢⁹ ⌐ ∆╢ꜞⱡ │

∕─ ⌂ ╩ ⇔≡⅔╡⁸IPR─ ⌐ ↑√ ⅔╟┘ ╩ ∫≡™╢⁹ 

 

(2) ─  

ⱠⱣ♄ ꜞⱡ │ ⌂ ╩ ⇔≡⅔╡⁸ ╩⁸ ╛ ⌐╟╢ ⁸

≤─ ⌐ ⇔√ IPR─ ╩ ⇔≡™╢⁹ ⇔≡™╢ ⌐│⁸

ⱪ꜡☿☻─◖☻♩≤⇔≡│ ⌂○♂fi BAC ─ ╩ ↕╣≡

™╢⁹ ≢│ RO ╩ ™√ ⅜ ≢№╢ ⁸ ─ ⅜╕∞ ≢

│⌂™⁹ ≢│⁸RO ⅛╠ ∆╢Ⱪꜝ▬fi ─ ⅜ ─√╘

≤⌂╢↓≤⅜ ↕╣≡⅔╡⁸RO ╩ ™⌂™○♂fi BAC ⅜ ─

─ ≤⇔≡ ↕╣√ ⅜№╢⁹ 

∫≡⁸ ≢│⁸RO ⅛╠─Ⱪꜝ▬fi ╩ ∆╢≤≤╙⌐⁸ ⌐⅔

™≡ ↕╣╢ ╩ ⇔≡ ∆╢ ≤⇔≡⁸ZCC Zero Chemical Charge

⅔╟┘ ZLD Zero Liquid Discharge ╩ →⁸ ╩ ⇔√ ─

╩ ∆╢↓≤╩ ≤∆╢⁹ 

№╦∑≡⁸∕╣⌐╟╢◄Ⱡꜟ◑כ ⅔╟┘ CO2 ─ ╩ ⌐

∆╢≤≤╙⌐⁸ ─ ⌐≈™≡ ∆╢⁹ 
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(3) ─ ⌂  

(a)  

─ ⁸ ─ ─ ╖ ╦∑╩⁸ꜞⱡ ⌐⅔↑╢ IPR ⌐ ⌂╙─

≤⇔≡ ↑╢⁹ ─ ≤ ⇔™ ⌐╟╡⁸ 98%╩ ⅎ╢ ≤

RO ─ ZLD ⁸⅔╟┘⁸Ⱪꜝ▬fi⅛╠ ╩ ⇔ ∆╢

≢ ─ ה ZCC ╩ ⇔⁸ ╕≢⌐⌂™ IPR ╩ ≤∆╢╙─≢

№╢⁹ 

 ̧ RO ᵑ ⅔╟┘ ᵒ ⌐╟∫≡◌ꜟ◦►ⱶ ╛ ⌐ ∆╢

ꜟכ◔☻ ╩ ∆╢⁹ 

 ̧ ᵒ ─ ╩ ᵓ ⌐╟∫≡ ╩ ™⁸∕─

╩⁸ RO ᵔ ⅔╟┘ RO ᵕ ⌐╟∫≡ ⇔⁸Ⱪꜝ▬fi─

╩ ∆╢⁹ 

 ̧ ᵒ ─ ─ ╩ ᵓ ⌐╟∫≡ ⇔⁸

ᵖ ⌐⅔™≡ ╩ ∆╢⁹ 

 

(b) ⅔╟┘  

⁸ ∕╣∙╣─ │ ─ ╡ ↕╣╢⁹ 

 

─  

ⱨ▼כ☼  CAPEX 

(million USD) 

OPEX 

(million USD/MGD) 

 100 m3/h 0.634 MGD  4.26 2.639 

 1,000 m3/h 6.34 MGD  35.55 2.615 

 

CAPEX│ ─ ○♂fi BAC⁸ ─ RO ≤ ⇔℮╢ ≢№╡⁸ ⌐╙

⌐ ↕╣√⁹ ⁸OPEX│ ─ ╟╡╙ ◖☻♩≤⌂╢ ⅜№╢⅜⁸ꜞⱡ

⌐⅔™≡ ╘╠╣╢ ╩ ≤⇔≡ ⅎ╢≤ ↄ│⌂™ ⅜№╢≤─ ⅜

⅛╠ ╠╣√⁹ 

↓↓≢│⁸ ─○fi◘▬♩ ╛⁸◖fiⱤ◒♩ ↕╣√ RO ─ ◖

☻♩⌐╟╢ ╩╖√╙─ │⁸ ─ ⌐╟∫≡ ⌂╡⁸ ⌡ 10 20 ─ ≤

↕╣╢⁹ ≢⁸ꜞⱡ ⌐⅔↑╢ ─ TDS ⅜ ™ ⁸ │

9.0 12.5 ≤⌂╡⁸ ⌐≤∫≡ ≤ ↕╣╢ ⌐ ╢⁹∕─ ⌐│⁸IPR

─√╘─ ≢№╢○♂fi BAC ≢│ ≢⅝∏⁸╕√ ─ RO ≢

│ ∆╢Ⱪꜝ▬fi─ ≤™℮ ⅜ ↕╣⌂™⁹ ∫≡⁸ ─ ─ꜞⱡ

⌐⅔↑╢ ⅜ ™╙─≤⌂╢⁹ 

ꜞⱡ ─◄fi♪ꜚכ◙כ ꞉◦ꜛכ │⁸ ⌐ ⇔≡⁸10 ─ ≢
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╟╡╙ ⌂ ╩ ╣╢≤─ ╩ ⇔√⁹╕√⁸ ─○fi◘▬♩ ╛⁸◖fiⱤ◒

♩ ↕╣√ RO ─ ◖☻♩─ ⌂ ╩ ⇔√⁹ 

 

(c) ◄Ⱡꜟ◑כ CO2─  

1,000 m3/h ─ ⌐╟╢◄Ⱡꜟ◑כ ⅔╟┘ CO2

│⁸ RO ≤ ⇔≡⁸ ─ ╡ ↕╣╢⁹ ─╒≤╪≥─ │⁸Ⱪꜝ▬

fi ─ ⌐⅔™≡ ⅜ ∆╢↓≤⌐ ℮⁹╕√⁸Ⱪꜝ▬fi ─ ─

╩ ∆╢↓≤⁸ ⅜ ⌐⌂╢↓≤⌐╟╢ ╙ ╕╣╢⁹ 

 

◄Ⱡꜟ◑כ ⅔╟┘ CO2  

ⱳ▬fi♩ ◄Ⱡꜟ◑כ  CO2  

(1)  508,724 MJ/  58.8 t-CO2/  

(2)  28,115 MJ/  1.93 t-CO2/  

(3)  691 MJ/  0.0474 t-CO2/  

 537,530 MJ/  

 

60.8 t-CO2/  

22,200 t-CO2/  

 

(4) ─  

│⁸ⱨ▼כ☼ 1 2019 ⌐⅔↑╢ ─ ⁸ⱨ▼כ☼ 2 2020 ⌐

⅔↑╢ ╩ ≡⁸ⱨ▼כ☼ 3 2021 ─ ╩ ∆╙─≢№╢⁹ 

 

ⱦ☺Ⱡ☻ ⌐ ↑√ⱨ▼כ☼ ▪◒◦ꜛfi 

ⱨ▼כ☼ ⌂▪◒◦ꜛfi 

ⱨ▼כ☼ 1 

2019  

 ̧  

 ̧ ⁸  

 ̧ ⁸ ⌂≥  

ⱨ▼כ☼ 2 

2020  

 ̧ Ɽ⁸כ♫♩כ◄fi♪ꜚכ◙ ≤ ⇔√ ☻כ◔כꜛ◦╢╟⌐

 

ⱨ▼כ☼ 3 

2021  

 ̧ ─  

 ̧ ⌐ ↑√ ⁸ ─  

 ̧ ─  

 

⌐⅔↑╢ ─ ↔≤─ │ ─ ╡≢№╡⁸ ⌐ ™⁸

─ ╩ ∂≡ ┼─ ╩ ≢⅝╢⁹⌂⅔⁸ ─ ⌐⅔™≡│⁸

│◄fi☺♬▪ꜞfi◓ⱳ☺◦ꜛfi≢ PQ ╩ ⇔≡⅔╠∏⁸

≤─◖fi♁כ◦▪ⱶ╛⁸ ↕╣√ ╛ ─ ≢ ╩ ∆ ⅜
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≢№╢⁹ 

 

─ ─  

 ─  ⱳכ◦ꜛfi  

ᵑ RO  RO ╩ ⇔≡⁸ ≢─ ╟

™ 75%─ ╩ ⁹ 

ủ 

ᵒ  ᵓᵔᵕ⌐ ⌂ ꜟכ◔☻≢╖ ╩

⌐ ⇔≡ ≢⅝╢ 

 

ᵓ 1 ▬○fi─ ╩ ™⁸ ╩ →

╢⁹ 

ủ 

ᵔ RO  ™ pH꜠fi☺≢ ⅜ ⌂ RO ≢⁸

⇔√ ╩ ⁹ 

ủ 

ᵕ RO ≢ꜟ♃כ♩  98% ╩ ⁹

⌐╙ ↄ ≢№╢⁹ 

ủ 

ᵖ 2 ⱪ꜡☿☻ ≢ ∆╢ ╩ ⌐

∆╢ ⅜№╡⁸ ⌐ ⁹ 

ủ 
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ANSI  American National Standards Institute  

AOP  advanced oxidation processes  

ASR  aquifer storage and recovery  

BAC Biological Activated Carbon  

BOD  biochemical oxygen demand  

COD  chemical oxygen demand  

CR Crystallizer  

CWA  Clean Water Act  

DBP  disinfection by-product  

DO  dissolved oxygen  

DOC  dissolved organic carbon  

DPR  direct potable reuse  

ELS1 Electrolytic system 1 1 

ELS2 Electrolytic system 2 2 

EPA  U.S. Environmental Protection Agency  

GAC  granular activated carbon  

IPR  indirect potable reuse  

MF  microfiltration ╤  

NPDES  National Pollutant Discharge Elimination 

System 

◦☻♥ⱶ 

NWII  Nevada Water Innovation Institute ⱠⱣ♄ ▬ⱡⱬכ◦ꜛfi  

RO  reverse osmosis  

SAT  soil-aquifer treatment  

SDWA  Safe Drinking Water Act  

TDS  total dissolved solids  

TOC  total organic carbon  

TrOrCs  trace organic compounds  

TSS  total suspended solids  

UF  ultrafiltration ╤  

UNR University of Reno, Nevada ⱠⱣ♄ ꜞⱡ  

ZCC Zero Chemical Charge  

ZLD Zero Liquid Discharge  
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⌐⅔↑╢ ה ⌐ ∆╢  

 

 ─  

 

 

 

⌐╟╢ ⌐ ⇔≡│⁸∕─ ⌐╟╡ ╘╠╣╢ ⅜ ⌂∫

≡ↄ╢√╘⁸ ─ ≤⇔≡ ⇔≡⅔ↄ↓≤⅜ ≢№╢⁹ 

─ ⌐ ⇔≡⁸ Environmental Protection AgencyEPA │⁸₈2012 

Guidelines ñfor Water Reuseò₉ 2012 ⌐⅔™≡⁸ Potable Reuse⌐ ↑√ ◦☻

♥ⱶ≤⇔≡⁸De Facto Reuse⁸Direct Potable ReuseDPR ⁸Indirect Potable ReuseIPR ╩

⇔√1⁹ 

De Facto Reuse│ ⌐ ≢─ ⌐ ⇔⁸ ─ ╙ ╘╢ ─

⌂ ≢№╢⁹╕√⁸ ≤∆╢↓≤⌐ ⇔√ ⌂ ה ⌂ ─ ≤

⇔≡ DPR≤ IPR≤⅜ ↕╣≡™╢⁹ ⌐⁸DPR│ ≢№╢⅛╠ ⌂ ⅜

IPR╟╡╙ ╘╠╣╢⁹╕√⁸ ⌐ ∆╢Ᵽ♇ⱨ□כ─ ⅜ ⌂╢⁹ 

 

 1 ⌐ ↑√ ◦☻♥ⱶ2 

  

De Facto Reuse ⌐⅔™≡ ≢ ↕╣√ ⅜⁸∕─

≢ ≤⇔≡ ↕╣╢ ≢№╢

╛ ⌐╟∫≡ ⌐ ─ ╩ ≢⅝

╢ ⁹ 

Direct Potable ReuseDPR  ╩ ─ ≤⇔≡ ∆╢⁹ Ᵽ♇

ⱨ□כ engineered storage buffer╩ ∆╢ ™⌂⇔ה

─ ─ ⅜№╢⁹ 

Indirect Potable ReuseIPR  ─ ⌐ Ᵽ♇ⱨ□כ environmental buffer⌐⅔

↑╢ ╩ ™⁸ ─ ⁸ ╩ ↕

∑╢⁹ 

 

                                                   
1 EPA 2012 Guidelines ñfor Water Reuseò (2012) 

https://www3.epa.gov/region1/npdes/merrimackstation/pdfs/ar/AR-1530.pdf 
2 EPA 2012 Guidelines ñfor Water Reuseò (2012) 

https://www3.epa.gov/region1/npdes/merrimackstation/pdfs/ar/AR-1530.pdf 
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 1 ⌐ ↑√ ◦☻♥ⱶ3 

 

                                                   
3 Texas Water Development Board ñDirect Potable Reuse Resource Documentò (2015) 

http://www.twdb.texas.gov/publications/reports/contracted_reports/doc/1248321508_Vol1.pdf 
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─ ⅜ ⇔√ ⌐⅔™≡⁸De Facto Reuse⌐╟╢ ╩ ≢⅝⌂™ ╛

≢│⁸ ╩ ≤⇔≡ ⌂ ⌂ ⅜ ↕╣⁸ ⌂∫√ ─

╖ ╦∑⅜ ↕╣≡⅝≡™╢⁹EPA│⁸ ─ ⱨ꜡כ Treatment Train │ ∆╢

─ ⌐ ∂≡ ↄ ↕╣╢═⅝╙─≤⇔≡™╢ ⁹ 

 

≤ ≤╩ ⌐ ℮⅛⌐≈™≡│⁸ ↔≤⁸ ↔≤⌐ ⌂╢ ⅜№╢⁹∕╣

╝ⅎ⁸ ─ ╩ ∆╢ │⁸ ⌂ ≢─ ╩ ℮ ╩

∆╢⅛⁸ ₁─ ─ ─ ╩ ה ↕∑╢╟℮⌂ ╩ ℮4⁹ 

 

 

1960 ⁸▪ꜞ♂♫ ⁸◌ꜞⱨ◊ꜟ♬▪ ⁸ⱨ꜡ꜞ♄ ⁸♥◐◘☻ ⌐⅔™≡

─ ╩ ≤⇔√ ⅜ ↕╣≡⅝√↓≤⅛╠⁸EPA│⁸ ─ ⌐ ∆

╢ ─●▬♪ꜝ▬fi╩ ⇔√ 1992 ⁹ ●▬♪ꜝ▬fi≢│ ≤⇔≡─ ⌐≈

™≡ ╡╕≤╘≡™╢ ╩ ⌐ ∆╢ DPR ⅛⁸ ⌐ ∆╢ IPR

⅛─ │∕╣╕≢ ≢│⌂⅛∫√ ⁹ 

Ɽ▬꜡♇♩ ╛ ─ ⅜ ⌂ ╩ ⇔≡⅔╡⁸ ⌐ ⇔≡

─№╢ ╛⁸ ⌂ ╩ ╓∆ ⁸ ─ ⱪ꜡☿☻

⌐⅔↑╢ ⅜ ⌐ ╠⅛⌐⌂∫≡™╢⁹↓╣╠ꜞ☻◒╩ ∆╢ ─ ╩ ╢│

∏─ ⱪ꜡☿☻─℮∟○♂fi ╛ │⁸ √⌂ ╩ ∆╢

╩ ∂↕∑╢↓≤⅛╠⁸↓─╟℮⌂ ─ⱨ○♪כ꜠♩─◒☻ꜞ√∫⌂ ≢⁸ ⁸

⁸ ⁸ ⌂≥ ⌐ ∂√ ⱪ꜡☿☻─ ⌐ ⅜ ⌐ ╕

∫≡™╢⁹ 

╕√⁸ ●▬♪ꜝ▬fi│⁸ ─ ⌐№√╢ DPR╛ IPR─ ⌐№√╡⁸╟

╡ ⌂ ╛⁸ ─ ⁸ ⌐│ ╩ ╛ ⅜ ℮╟℮

⇔≡™╢⁹↓╣╩ ↑≡⁸◌ꜞⱨ◊ꜟ♬▪ ╛♥◐◘☻ ⅜⁸ ─ ⌐ ↑√

─ ⌐▬♬◦▪♅Ⱪ╩ ⇔≡™╢⁹ 

⌂⅔⁸ ⌐⅔↑╢ ─ │ Safe Drinking Water Act SDWA ≢№╡⁸

│ Clean Water Act CWA ≢ ╘╠╣≡™╢⁹SDWA │⁸United States Environmental 

Protection Agency USEPA ⅜ ∆╢ ≢№╢⁹ ─ ◦☻♥ⱶ│⁸ ⁸

╩ ╦∏⁸EPA ╛ ─ ⅜ ⇔√ ╩ ⇔√ ╩ ⇔⌂

↑╣┌⌂╠⌂™⁹CWA │⁸ ─ ╛ ╩ ⇔√ ≢№╢⁹

⅛╠ ┼≤⁸ ─ ╩ ⌐⇔√ ◦☻♥ⱶ National 

Pollutant Discharge Elimination SystemNPDES ≤⇔≡⁸ ╩ ⇔≡™╢⁹

                                                   
4 EPA 2012 Guidelines ñfor Water Reuseò (2012) Chapter 2.1 
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│⁸ ⌐╟╢ ─ ╛ ⅜ ⌂ ⌐⅔™≡╟╡ ⌐ ∑╠╣⁸

─ ⌐ ∂≡⁸ ⅜ ╩ ∆╢⁹ ⌐ ⇔≡│⁸EPA │ ╛

⌐╟╢ ╛●▬♪ꜝ▬fi ─ ⁸ ●▬♪ꜝ▬fi ─ ╩ ∫≡™╢⁹

≤ │⁸ ╛ ─ ≢№╡⁸ │⌂™5⁹ 

◌ꜞⱨ◊ꜟ♬▪ ⅜ ∆╢ │⁸ ─ ⁸ ╩ ╗ ⌐⅔™

≡╙ ╩ ⅎ≡⅔╡⁸ │◌ꜞⱨ◊ꜟ♬▪ State Water 

Resources Control BoardSWRCB ⅜ ∆╢ ╛ ⌐ ⇔≡™╢⁹ 

⌐⅔↑╢ IPR─ │⁸◌ꜞⱨ◊ꜟ♬▪ ─○꜠fi☺ ⌐⅔™≡⁸SWRCB

⅜ ┼─ ⌐╟╢ ─ ≢⁸ ─ 1965 ⅔╟┘

─ 1976 ⇔√↓≤⌐ ╕╢⁹ The California Department of 

Public Health CDPH ⅜ ╘≡ ╩ ⇔√ ⌐ ╦╢ ╩ ∫≡

1978 ⁸ ─ ┼─ ╩ ⌐ ─ ⅜ ╪≢™╢⁹ 

⌂⅔ SWRCB│⁸IPR─ ≤⇔≡₈2⅛ ─ ─ ⅜ ╕√│

≤⇔≡ ∆╢ ⅜№╢₉↓≤╩ ⌐⇔≡™╢6⁹ 

⌐ ∆╢ IPR ─ ≤⇔≡│⁸ ⌐ ∆╟℮⌐⁸ ╙⇔ↄ│

╩ ≡⁸ ≤⇔≡○♂fi ╟╡╙ RO ╩ ℮ ╖ ╦∑⅜ ™⁹ 

╕√⁸ ─ ⌐ ⌐⅔™≡ ⇔⁸∕─ ⌐ ╕√│ ╩ ⇔≡

⌐ ∆╢ IPR─ ⅜ ↄ╖╠╣╢⁹ 

DPR ─ ≤⇔≡│♥◐◘☻ ⱦ♇◓☻ⱪꜞfi◓ ─ ⅜№╡⁸ ⌐⅔™≡╙⁸

RO ╩ ⇔≡™╢⁹ 

 

                                                   
5 ╠ ⱷ♃►◊כ♃כ 2018 vol.1 
6 SWRCBñA Proposed Framework For Regulating Direct Potable Reuse In Californiaò  (2018) 

https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/direct_potable_reuse/dprframewk.p

df 
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 2 ─ 7 

 

 2 ⌐⅔↑╢ DPR⅔╟┘ IPR─ 8 

♃▬ⱪ   

IPR ◌ꜞⱨ◊ꜟ♬▪

⸗fi♥ⱬ♇꜡הⱨ

◊▪ⱬ▬  

 ̧ ─ ≤⇔≡ 1960 ⌐ ⁹ 

 ̧ ⁸╤ ⁸ ╩ ≡⁸ ⌐ ⁹ 

 ̧ SAT (soil-aquifer treatment)⅔╟┘ ─ ≤─

╩ ≡⁸ ⌐ ↕╣√⁹ 

IPR ◌ꜞⱨ◊ꜟ♬▪

○꜠fi☺  

 ̧ 1976 ⌐ ⁹ 

 ̧ ─ ⁸MF⁸RO⁸AOP (UV/H2O2)⁸

╩ ≡⁸ ─ ⌐ ⁹ 

 ̧ ─ ┼─ ╩ ∆╢⁹ ┼ ⇔

⌐ ⁹ 

DPR ♥◐◘☻ ⱦ♇◓

☻ⱪꜞfi◓  

 ̧ 2013 ⌐ ⁸2015 ╕≢─ TWDB ♥◐◘☻

⌐╟╢ ─ ╩ ≡ ⁹ 

 ̧ ⅜ ≤⇔≡ ⇔√↓≤⅜ ⁹⇔⅛⇔

⌐ ≢⅝╢ Ᵽ♇ⱨ□כ  4 ⅜⌂™

                                                   
7 WHO ñPotable Reuse / Guidance for Producing Safe Drinking-Waterò (2017)⌐╟╡  

https://apps.who.int/iris/bitstream/handle/10665/258715/9789241512770-

eng.pdf;jsessionid=8412C8394FB973C50B8C4D866A2D4365?sequence=1 
8 WHO ñPotable Reuse / Guidance for Producing Safe Drinking-Waterò (2017) 

https://apps.who.int/iris/bitstream/handle/10665/258715/9789241512770-

eng.pdf;jsessionid=8412C8394FB973C50B8C4D866A2D4365?sequence=1 

SAT

MF RO
AOP

UF

MF RO UV

USOA (Upper Occoquan 
Service Authority)

UF RO UV
SAT

MF RO
AOP

UF RO UV

RO
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♃▬ⱪ   

√╘⁸IPR╟╡╙ DPR╩ ⁹ 

 ̧ ≤ ─ ╖ ╦∑⌐╟╡⁸ ─

─ 15%╩ ⇔≡™╢⁹  7  

 

 

 

 

⌐⁸IPR─ ⌐ ⇔≡ ⌂ ─ ⌐≈™≡ ╡╕≤╘╢⁹ 

 

 3 ⌂ ─ 9 

  

  ̧ ╩ ∆╢ ⱪ꜡☿☻⁹ 

 ̧ ⁸ꜞfi⁸ ╩ ≢⅝╢⅜⁸ ─ ⌐│ ╠

╣√ ⇔⅛ ╠╣⌂™⁹ 

  ̧ ╩ ╖⁸ ⌐ ╕√│ ╤ ⌐ ≠ↄ⁹ 

 ̧ ╩ ⇔⁸BOD╛ SS╩ 85% ∆╢⁹ 

 ̧ ─ ⅜ ↕╣⁸ ─ ⅜ ↕╣╢⁹ 

 ̧ ⌐ ⅔╟┘ ⅜ ─ ⌐ ≤⌂╢ ▪fi⸗♬▪╛ ╩

∆╢ ⁹ 

  ̧ ─ ⌐⁸ ╩ ™≡ ⁸ ─ הfiꜞה

⌂≥╩ ∆╢⁹ 

SAT (soil-

aquifer 

treatment) 

 ̧ ⌐⅔™≡ ╩╤ ה ∆╢↓≤⌐╟╡⁸ ⁸ ⁸

─ ⅜ ╛ ≢ ∆╢⁹ 

 ̧ ↕╣≡™⌂™ ─№╢ ⁸ ⌐ ⇔√ ⁸ ╛

╤ ⌐ ⇔√ ╩ ≤∆╢⁹ 

  ̧ ↄ─ ⌐⅔™≡⁸ ⅜ ─ ╛ ─√╘⌐

↕╣≡™╢⁹ 

 ̧ ⌂╙─⅜○♂fi ⅔╟┘ H2O2 ╩ ⇔≡  

 ̧ ↕╣╢ꜝ☺◌ꜟ AOP ⁹ 

 ̧ ─⸗♬♃ꜞfi◓⅜ ꜞ☻◒─№╢ ▬○fi ⁹ 

 ̧ ○♂fi ⌐ BAC ╩ ╖ ╦∑╢ ⅜

⌐ ∞⅜⁸ ▬○fi ⅜ ⌐ ↕╣⌂™⁹ 

                                                   
9 WHO ñPotable Reuse / Guidance for Producing Safe Drinking-Waterò (2017)─ ╩  

https://apps.who.int/iris/bitstream/handle/10665/258715/9789241512770-

eng.pdf;jsessionid=8412C8394FB973C50B8C4D866A2D4365?sequence=1 
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  ̧ ╩ ⁹ 

 ̧ ◖☻♩≢№╡⁸ ─√╘─ ╩ ≤∆╢⁹ 

 ̧ GAC ⅜ ≢№╢⅜⁸GAC ⌐ ⅜

↕╣√ BAC ≤⇔≡ ∆╢ ⅜ ™⁹ 

MF⁸UF  

 ̧ MF 0.1-1Ⱶ◒꜡fi ⁸UF 0.01-0.05Ⱶ◒꜡fi⁸№╢™

│∕╣ ╩ ™√ ⁹ 

 ̧ ─ ⌐│ ∞⅜⁸ ►▬ꜟ☻─ │

⁹ 

 ̧ NF ROה ─ ≤⇔≡ ╦╣╢↓≤⅜ ™⁹ 

RO⁸NF  

 ̧ ≡─ ⁸╒≤╪≥─ ─ ⌐ ⌐ ⁹ 

 ̧ RO │ ─ 99% ╩ ⇔⁸∕╣╝ⅎ⌐ ─ ⌐╙

⅜№╢⁹ 

 ̧ NF │⁸◌ꜟ◦►ⱶ⁸ⱴ◓Ⱡ◦►ⱶ⁸ ─ ─▬○fi╩

∆╢─⌐ ⁹ 

 

 

 3 ≤ ─◘▬☼ 10 

 

 

─ⱪ꜡☿☻ 

 

⌐⁸ ⌂≥ ≢─ ─ ⌂ⱪ꜡☿☻⌐≈™≡ ╡╕≤╘╢⁹ ⌐⁸

─ ↔≤⌐ ⌐⅔™≡ ╘╠╣√ LRV Log Reduction Value ─

─ ╩ ∆╢↓≤⅜ ≤⌂╢⁹ 

 

                                                   
10 WHO ñPotable Reuse / Guidance for Producing Safe Drinking-Waterò (2017) 

https://apps.who.int/iris/bitstream/handle/10665/258715/9789241512770-

eng.pdf;jsessionid=3645469ED5C540BE09855A6EB31C2074?sequence=1 
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 4 ⌂ ⱪ꜡☿☻ 

ⱪ꜡☿☻  

Ᵽ♇ⱨ□כ 

environmental buffer 11 

IPR⌐⅔™≡ ≤↕╣╢ ≢№╡⁸ ╕√│

─ ⅜ ╦╣╢⁹ ─ ⁸ ה

⁸ ⌂ ≤ ≤─ ⌐╟╢ ─

⅜ⱷꜞ♇♩≤⇔≡ →╠╣╢⁹ 

Ᵽ♇ⱨ□כ 

engineered storage buffer12 

DPR⌐⅔™≡⁸ ─ ─√╘⌐ ─

╩ ℮√╘─ ≤⇔≡ ⌐ ╘╢⁹ ♃fi◒הⱤ

▬ⱪꜝ▬fi ⁹ 

LRV13 ≢ ↕╣√ ─ ─ ╩ ⌐⇔√ ⁹

∆⌂╦∟ ─╟℮⌐⌂╢⁹ 

 

  LRV 

ΊΊΊΊΊΊΊΊΊΊΊΊΊΊΊΊΊΊ 

90% 10% 1 

99% 1% 2 

99.9% 0.1% 3 

99.99% 0.01% 4 

99.999% 0.001% 5 

 

⁸ 90%─ LRV=1 ⌐ ⅎ≡⁸

99%─ LRV=2 ╩ ℮≤⁸ │ 99.9%≤⌂╡⁸

LRV │ 1≤ 2─ ≢⁸3≤ ↕╣╢⁹ 

 

 

  

                                                   
11 WHO ñPotable Reuse / Guidance for Producing Safe Drinking-Waterò (2017) 

https://apps.who.int/iris/bitstream/handle/10665/258715/9789241512770-

eng.pdf;jsessionid=8412C8394FB973C50B8C4D866A2D4365?sequence=1 
12 WHO ñPotable Reuse / Guidance for Producing Safe Drinking-Waterò (2017) 

https://apps.who.int/iris/bitstream/handle/10665/258715/9789241512770-

eng.pdf;jsessionid=8412C8394FB973C50B8C4D866A2D4365?sequence=1 
13  
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ⱠⱣ♄ ꜞⱡ ⌐⅔™≡│⁸IPR╩ ∆╢√╘─ ╩ 5 ⌐ ∆╢↓≤

╩ ≤⇔≡⁸ ─ ╩ ⇔≡⅝≡™╢⁹╕√∕─ⱪ꜡☿☻⌐⅔™≡│⁸

National Water Research Institute⅜ ╩ ה ⇔≡™╢⁹ 

 

 ̧  

 ̧  

 ̧ ─  

 ̧ Ɽ▬꜡♇♩  

 ̧  

 ̧  

 ̧  

 

─ ╘ │ ─ ╡≢№╢⁹ 

 

 5 ꜞⱡ ⌐⅔↑╢ ─ ╘  

ⱨ▼כ☼   

ⱨ▼כ☼ 1   

☻♃♇ⱨ   ̧ ≢─ ⱠⱣ♄ ꜞ

ⱡ NWII ─ Krishna Pagilla  

 ̧ 3 ─ ─  

 ̧ ─ ╩  

Ⱳה♪כ   

⌂   

ⱨ▼כ☼ 2 Ɽ▬꜡♇♩   ̧ ○♂fi BAC ─  

 ̧ 9ﬞ ─ ╩  

 ̧ Xylem ⁸Stantec

◖fi◘ꜟ♥▫fi◓ ⁸American Water

⁸꞉◦ꜛכ ⅜  

  ̧ ⱠⱣ♄ ꜞⱡ NWIIה ⅜  

 ̧ Xylem⅜ ╩  

  

                                                   
14 Rick Warner (Washoe County, NWII Board Chair, WEF President) ñWater Reuse in the United States / A New 

Eraò, Water Environment Federation (2017) 
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 ─ ⌐⅔↑╢  

 

 

 

⌐⁸ ⌐⅔↑╢ IPR⅔╟┘ DPR─ ╩ ∆⁹RO ╩ ⇔≡™╢ │⁸

⌐ ⌐ IPR ╩ ⇔≡⅝√◌ꜞⱨ◊ꜟ♬▪ ╩ ╘⁸ ⌐⅔™≡

∆╢⁹◌ꜞⱨ◊ꜟ♬▪ ─ IPR │⁸ ─ ┼─ ≤≤╙⌐⁸ ╛

╤ ⌐ ⇔√ ⌐╟╢ ╩ ⇔√╙─≢№╢⁹2016 9 ⌐⁸The 

State Water Resources Control Board ⌐╟╢ 2 ⇔─ ╩ ≡⁸DPR⌐ ∆╢ ╩

⇔≡⅔╡⁸ ─ ─ ⌐≈™≡⁸ ⌂ ╛ ⌐╟╡ ≤ ↑

≡™╢⁹∕╣╩ ╕ⅎ⁸ │⁸DPR ⌐ ↑√ ⌂ ─ ⌐ ∫≡™╢⁹15 

⁸ ┌≈ ╝ⅎ⌐ ⅜ ↄ ⌐ ↕⌂™ │⁸RO ⌐╟╢

⅜ IPR⌐ ≤ ↕╣≡™╢↓≤⅜╦⅛╢⁹ 

⌂⅔⁸ ─ ╩ ∆╢ⱠⱣ♄ ⌐⅔™≡│⁸↓╣╕≢⌐ ╩ ™√ IPR⁸

DPR≤╙⌐ ─ ⅜ ⇔⌂™⁹South Truckee Meadows Water Reclamation Facility

⌐⅔™≡⁸○♂fi BAC ⌐╟╢ IPR ⅜ ╦╣≡™╢⁹ 

 

 

 4 ⌐⅔↑╢ IPR/DPR ⅔╟┘ RO ─ 16 

                                                   
15 ╠ ⱷ♃►◊כ♃כ 2018 vol.1 
16 EPA ñ2017 Potable Reuse Compendiumò (2017)╟╡  

https://www.epa.gov/sites/production/files/2018-01/documents/potablereusecompendium_3.pdf 

RO applied
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⌂ ⌐⅔↑╢ ─  

 

≢│⁸ ⌐⅔™≡ ⅜ ↕╣╢≤ ⅎ╢ 5 ⱠⱣ♄⁸◌ꜞⱨ◊

ꜟ♬▪⁸♥◐◘☻⁸ⱨ꜡ꜞ♄⁸▪ꜞ♂♫ ⌐ ⇔⁸ ╩ ⇔√⁹∕─ │ ─

╡≢№╢⁹ 

 5⌐ ∆╟℮⌐⁸2025 ⌐⅔™≡ ╕╣╢ ─℮∟⁸◌ꜞⱨ◊ꜟ♬▪

⅔╟┘ⱨ꜡ꜞ♄ ─ 2 ⌐⅔↑╢ 110 m3/ ≢№╡⁸↓╣│ ⌐⅔↑╢

─ 139 m3/ ─ 79%╩ ╘╢ ⱬכ☻ ⁹ 

3 ─ ≤ ╕╣╢♥◐◘☻ │⁸ ─ ╩ ≤⇔≡⅔╡⁸∕─√╘

⌐ ─ ⅜ ↄ⌂™≤™℮ ╩ ∫≡™╢  6 ⌐⅔↑╢₈♥◐◘☻₉

▪ⱪ꜡כ♅ ⁹ 

ⱠⱣ♄ ⅔╟┘▪ꜞ♂♫ │⁸ ●▬♪ꜝ▬fiה ─ ⌐№√╡⁸◌ꜞⱨ◊ꜟ♬

▪ ╩ ≤⇔≡ ╘≡™╢  6⌐⅔↑╢₈◌ꜞⱨ◊ꜟ♬▪₉▪ⱪ꜡כ♅ ⁹╕√⁸◌ꜞ

ⱨ◊ꜟ♬▪ ─ ⅔╟┘ ⅜⁸ⱨ▼♬♇◒☻ ▪ꜞ♂♫ ╛ꜝ☻ⱬ●☻

ⱠⱣ♄ ┼ ∆╢ ⌐№╡⁸◌ꜞⱨ◊ꜟ♬▪ ≢─ ⅜ ⇔╛∆™ ╩

∆╢⁹ ∫≡⁸ 3 ⌐ ⅎ≡◌ꜞⱨ◊ꜟ♬▪ ╩ ≤⇔≡ ╩ ╘╢ 2 ╩

≤∆╢⁹ 

 

 

 5 5 ≢ ↕╣╢ ─ m3/ 17 

                                                   
17 BlueField Research 
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 6 ⌐⅔↑╢ ⅜ ⌂ 5  

 

 

ᵑ ─ ꜠ⱬꜟ 

 

≤⇔≡─ ⌐№√╡⁸ ⌐ ─ ꜠ⱬꜟ⅜ ↕╣╢⁹ 

─ ≤⇔≡│⁸ ⌐ LRV log reduction values⅜ ↕╣≡™╢⁹

⌐ ∆╟℮⌐⁸ⱠⱣ♄ ⌐⅔™≡ ↕╣╢ ꜠ⱬꜟ│◌ꜞⱨ◊ꜟ♬▪ ≤ ≢№

╢⁹ ⇔⁸ⱠⱣ♄ ≢│ IPRהDPR ─ ⅜⌂ↄ⁸ ⌐ ≢│ ─

⅜◌ꜞⱨ◊ꜟ♬▪ ╟╡╙│╢⅛⌐ ™√╘⁸╟╡ ⌂ ⅜ ╘╠╣≡™╢≤™

℮↓≤⅜ ≢⅝╢⁹ 

 

 6 ⌐№√∫≡─ ●▬♪ꜝ▬fi⁸  

 ►▬ꜟ☻ ☺▪ꜟ☺▪ ◒ꜞⱪ♩☻

ⱳꜟ☺►ⱶ 

Ᵽ◒♥ꜞ▪  

ⱠⱣ♄18 12 10 10 ⌂⇔ MCLs⁸2 MCLs 

                                                   
18 NAC 445A.27612 Reuse category A+: Water quality requirements (December 2016) 

https://www.leg.state.nv.us/nac/NAC-445A.html#NAC445ASec2761 

https://www.leg.state.nv.us/nac/NAC-445A.html#NAC445ASec2761
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 ►▬ꜟ☻ ☺▪ꜟ☺▪ ◒ꜞⱪ♩☻

ⱳꜟ☺►ⱶ 

Ᵽ◒♥ꜞ▪  

▪ꜞ♂♫ ₈◌ꜞⱨ◊ꜟ

♬▪₉▪ⱪ꜡כ♅ 19 

12 10 10 9 MCLs⁸2 MCLs 

▪ꜞ♂♫ ₈♥◐◘☻₉

▪ⱪ꜡כ♅  

֕8 ֕6 ֕5.5 ⌂⇔ MCLs 

♥◐◘☻20 ֕8 ֕6 ֕5.5 ⌂⇔ MCLs 

ⱨ꜡ꜞ♄21 ⌂⇔ ⌂⇔ ⌂⇔ ⌂⇔ MCLs⁸2 MCLs⁸

TOC⁸TOX 

◌ꜞⱨ◊ꜟ♬▪22 

 

12 10 10 9 MCLs⁸2 MCLs⁸

CECs 

◌ꜞⱨ◊ꜟ♬▪23 

 

12 10 10 9 MCLs⁸2 MCLs⁸

CECs 

1 MCLs ꜠ⱬꜟ Maximum Contaminant Levels 

2 CECs √⌂ ≤⌂╢ Contaminants of Emerging Concern) 

3 TOC Total Organic Carbon  

4 TOX Ɫ꜡◕fi Total Organic Halide  

 

 

ᵒ ─  

 

IPR⁸DPR ─√╘─ ─▪ⱪ꜡⁸│♅כRO ⱬכ☻⅔╟

┘ GAC ⱬכ☻─ 2≈⌐ ↕╣╢⁹ ╛ ꜠ⱬꜟ ─ ⌐ ∂

≡⁸↓╣╠─▪ⱪ꜡כ♅╩ ≤⇔≡ ₁⌂ ─ ╖ ╦∑⅜⌂↕╣≡™╢⁹ 

⌂⅔⁸ ─ ⌐ ∆╢─│ GAC ≢№╡⁸○♂fi ⌐╟╡

                                                   
19 Water Reuse Arizona ñGuidance Framework for Direct Potable Reuse in Arizonaò (2018) 

https://west.arizona.edu/sites/default/files/NWRI-Guidance-Framework-for-DPR-in-Arizona-2018.pdf 
20 Texas Commission on Environmental Quality ñTitle 30 Texas Administrative Code, Chapter 210ò 

https://www.tceq.texas.gov/assistance/water/reclaimed_water.html 
21 Florida Department of State ñReuse of Reclaimed Water and Land Applicationñ (2007) 

https://www.flrules.org/gateway/ChapterHome.asp?Chapter=62-610 
22 State Water Resources Control Board ñPolicy for Water Quality Control for Recycled Waterò (Recycled Water 

Policy) (2013) https://www.waterboards.ca.gov/water_issues/programs/water_recycling_policy/docs/rwp_revtoc.pdf 

State Water Resources Control Board ñA Proposed Framework for Regulating Direct Potable Reuse in Californiaò 

(2017) https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/direct_potable_reuse.html 

State Water Resources Control Board ñA Proposed Framework for Regulating Direct Potable Reuse in Californiaò 

(2018) 

https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/direct_potable_reuse/dprframewk.p

df 

AB-574 Potable reuse.(2017-2018) 

http://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180AB574 
23 State Water Resources Control Board ñSBDDW-16-02 Surface Water Augmentation (SWA) Regulationsò 

https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/Surface_Water_Augmentation_Regulations.ht

ml 

https://west.arizona.edu/sites/default/files/NWRI-Guidance-Framework-for-DPR-in-Arizona-2018.pdf
https://www.tceq.texas.gov/assistance/water/reclaimed_water.html
https://www.flrules.org/gateway/ChapterHome.asp?Chapter=62-610
https://www.waterboards.ca.gov/water_issues/programs/water_recycling_policy/docs/rwp_revtoc.pdf
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/direct_potable_reuse.html
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/direct_potable_reuse/dprframewk.pdf
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/documents/direct_potable_reuse/dprframewk.pdf
http://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180AB574
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/Surface_Water_Augmentation_Regulations.html
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/Surface_Water_Augmentation_Regulations.html
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⇔√ ⌐╟∫≡ ⅜ ╖⁸GAC ⌐ ⅜ ⇔≡⁸ ⌐

╤ ⅜ ₁⌐ ≤⌂╢⁹↓╣╩ BAC ≤™℮⁹BAC│⁸GAC⅜ ⌐

⇔√╙─≢№╢⁹ 

 

a. RO ⱬכ☻ 

 

ↄ ↕╣≡⅔╡⁸FAT (Full Advanced Treatment)≤⇔≡ ↕╣╢↓≤⅜ ™⁹

⌐│ RO ⅔╟┘ ה UV/AOP ⌐╟∫≡⁸ ⁸

⁸CECs √⌂ ≤⌂╢ ─ ה ⅜⌂↕╣╢⁹ 

─ GAC ⱬכ☻⌐ ═≡ ☻♥♇ⱪ│ ⌂™╙──⁸◖☻♩│

CAPEX ⁸ OPEX ≤╙⌐ ™╙─≤⌂╢⁹ ⌐╟∫≡│⁸

Crystallization ─ ╛⁸RO ≢ ⇔√ Ⱪꜝ▬fi ─ ⅜

⌂ ⌐ ┼─ ╩ ℮⌂≥⁸ ⱪ꜡☿☻⅜ ≤⌂╢ ⌐↕╠⌐ ◖☻♩≤

⌂╢⁹ 

⌂ ≤⇔≡│⁸♥◐◘☻ ⱦ♇◓☻ⱪꜞfi◓ City of Big Spring ⌐⅔↑

╢ DPR ≢№╢ CRMWD (Colorado River Municipal Water District)ⱪ꜡☺▼◒♩⅜ →╠

╣╢⁹ ≤ ─ ╖ ╦∑⌐╟╡⁸ ─ ─ 15%╩ ⇔≡™╢⁹╕

√⁸ ∆╢▪ⱪ꜡⁸≡∫╟⌐♅כ◌ꜞⱨ◊ꜟ♬▪ ⌐⅔™≡ IPR ⅜ ↕╣≡™

╢⁹ 

 

 

 7 ♥◐◘☻ ⱦ♇◓☻ⱪꜞfi◓ ─ ⱨ꜡כ 

 

 

b. GAC ⱬכ☻ 

 

⁸ ⌂ ⁸ ⅜ ╖ ╦∑╠╣≡™╢⁹ ╛ CECs √⌂

≤⌂╢ ─ ⌐│ ⇔≡™╢╙──⁸TDS total dissolved 

solids ─ ⌐│ ™≡™⌂™⁹ ─ ⌐⅔™≡╙⁸ ⌐⅔↑╢ TDS ⅜⁸○

♂fi BAC ╟╡╙ ⇔≡™╢↓≤╩ ∆╢ ≤⌂╢⁹ 
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 8 ○♂fi BAC─ ⌂ ⱨ꜡כ 

 

 

ᵓ 5 ─  

 

⌐⁸ 5 ─ ─√╘─ ╩ ╡╕≤╘╢⁹ 

 

a. ◌ꜞⱨ◊ꜟ♬▪  

 

◌ꜞⱨ◊ꜟ♬▪ ≢│⁸ ─ 1970 ╟╡ IPR ╩ ⇔≡™╢⁹

╩ ™√ IPR ─ │ 2014 ⌐ ⌐ ↕╣√ ◌ꜞⱨ◊ꜟ♬▪

CDPH: California Department of Public Health⁹ 

≢│↓╣╕≢⌐ IPR ⅜ ↕╣≡™╢⅜  4 ⁸∕─♃▬ⱪ│ ─ 3≈

─▪ⱪ꜡כ♅⌐ ↕╣╢⁹ 

 

ᵑ ◌ꜞⱨ◊ꜟ♬▪⌐⅔↑╢ ─ ─ ⁹ 

ᵒ ┼─ ─ ⁹ ⌂ │ 100 MGD─○꜠fi☺

◦☻♥ⱶ GWRS ≢№╡⁸ ─ ⌐╟╢ ⌂≥

─ │◌ꜞⱨ◊ꜟ♬▪ ≢│ ╘≡⁹ 

ᵓ ┼─ ─ ⁹2019 ⌐◘fi♦▫◄◗ ─ ≤⇔≡

─ ⅜№╢⁹ 

 

3≈─▪ⱪ꜡⁸≡═∆⁸│♅כ Ᵽ♇ⱨ□כ ⁸

╩ ╖ ╪≢™╢√╘⁸IPR≤ ↕╣≡™╢⁹ Ᵽ♇ⱨ□⁸│√╕⁸™⌂⅜כ Ᵽ♇

ⱨ□כ⅜ ⌐ ↕™ ⱪ꜡☺▼◒♩│ DPRⱪ꜡☺▼◒♩⌐ ↕╣╢⁹ 

◌ꜞⱨ◊ꜟ♬▪⌐│ ─ ⅜7ⱪ꜡☺▼◒♩№╡⁸ │206 MGD

≢№╢⁹↓╣╠─ ─ⱪ꜡☺▼◒♩⌐ ∆╢◌ꜞⱨ◊ꜟ♬▪ ─ ⌐ ∆╢

╩⁸  6⌐ ⇔√⁹ 

2010 ⌐│⁸ SB 918⅜⁸SWRCB State Water Resource 

Control Board ⌐ ⇔⁸DPR─√╘─ ⌂ ꜞ◘▬◒ꜟ ─ ─ ╩
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⇔⁸ ⱤⱠꜟ╩ ™≡ ה ╩ ⇔⁸2016 12 31 ╕≢⌐◌ꜞⱨ

◊ꜟ♬▪ ⌐ ╩ ∆╢╟℮ ⇔√⁹2013 ⁸SB 322│⁸↕╠⌐⁸SWRCB

⅜ ╩ⱪכꜟ◓כꜞ◙▬Ᵽ♪▪╢⌂╠⅛כ♄ꜟⱱ◒כ♥☻─ ⅝⁸SWRCB≤∕─

⌐ ∆╢╟℮ ⇔√⁹SB 322│╕√⁸DPR─√╘─ ⌂ ꜞ◘▬◒ꜟ─◒ꜝ

▬♥ꜞ▪─ ╩ ⇔≡ ╩ ∆╢╟℮⁸ ⱤⱠꜟ─☻◖כⱪ╩ ⇔√⁹

ⱤⱠꜟ─ ⌐ ≠⅝⁸2016 12 ⁸SWRCB│◌ꜞⱨ◊ꜟ♬▪ ⌐⅔↑╢ DPR─

⌐ ∆╢ ₈The Feasibility of Developing Uniform Water Recycling Criteria for 

Direct Potable Reuse₉╩ ⇔√⁹ 

∕─ │⁸DPR ─ ╩ ∆╢↓≤│ ≢№╡⁸↕╕↨╕⌂♃▬ⱪ─ DPR⌐

⌂ ⌂ⱨ꜠כⱶ꞉⁸┌╣№⅜◒כ ⌂╢ DPR≢№∫≡╙ꜞ☻◒▪☿☻ⱷfi♩

╛ⱴⱠ☺ⱷfi♩─▪ⱪ꜡כ♅╩ ₁⌐ ⇔⌂ↄ≡╙╟™≤™℮╙─∞∫√⁹╕√⁸↕╠⌂

╢ ⌐╟╡ ╩ ↕∑╢↓≤⅜⁸◌ꜞⱨ◊ꜟ♬▪ ⌐⅔↑╢ DPR─ ─◒ꜝ▬

♥ꜞ▪╩ ↕∑╢√╘⌐ ≢№╢≤ ⇔√⁹ ⌐│ ╩ ╢√╘─ DPR

─ ⌂ ╩ ⌐ ∆╢√╘─ ╙ ↕╣≡™╢⁹ 

2017 ⌐│⁸ ╩ ╕ⅎ⁸◌ꜞⱨ◊ꜟ♬▪ ≢ AB 574⅜ ⇔

√⁹AB574│◌ꜞⱨ◊ꜟ♬▪ ⌐⅔↑╢ DPR─꜡כ♪ⱴ♇ⱪ╩ ∆╢╙─≤⌂∫√⁹

│ DPR╩₈ ─ ₉≤₈ ─ ₉≤⌐ ⇔⁸SWRCB⌐ ⇔⁸

2023 12 31 ╕≢⌐₈ ─ ₉⌐⅔↑╢ ⌂ ꜞ◘▬◒ꜟ─◒ꜝ▬♥ꜞ▪╩

⇔⁸∕─◒ꜝ▬♥ꜞ▪╩꜠ⱦꜙכ∆╢ ꜠ⱦꜙכⱤⱠꜟ╩ ה ∆╢╟℮

⇔√⁹ 

2018 ⌐│⁸SWRCB│ ⌂ DPR─ ─ ≤⌂╢╟℮◒ꜝ▬♥ꜞ▪─♪ꜝⱨ♩

╩ ⇔⁸№╦∑≡ ⌂ ╩ ∫√⁹ 

 

 

b. ♥◐◘☻  

 

♥◐◘☻ ≢│ ↄ─ ⅜ ↕╣≡™╢⁹DPR⌐≈™≡│ 2 ⅜ ⇔

≡⅔╡ Big Spring ⅔╟┘Wichita Falls ⁸3 ─ ⅜ ⌐№╢ El Paso Water

⁹ 

 

ᵑ Big Spring  2013 ⌐ DPR≤⇔≡  

ᵒ Wichita Falls  2015 ⌐ DPR╩ 2014 ⌐ ⁸ ╩ ↕∑

╢ IPR ≤⇔≡ ⁹ 

ᵓ El Paso Water  DPR ≤⇔≡ ↕╣≡⅔╡⁸ ⅜ ─ ◦

☻♥ⱶ⌐ ↕╣╢ ─₈ ₉ ≤⌂╢ ⁹ 
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Big Spring⅔╟┘Wichita Falls │⁸₈Texas Administrative Code₉─

√╢ Chapter 290₈Public Drinking Water₉24 ─ ⅜⌂™ ⱪ꜡☿☻ ⌐

─☻כ◔ה▬Ᵽה☻כ◔⁸≡∫ ™≢ ↕╣√⁹TWDB ♥◐◘☻

Texas Water Development Board⅜⁸ ╩◘ⱳכ♩∆╢♪◐ꜙⱷfi♩ ╩ ∆╢

─⧵ⱶ⁸◖fi◘ꜟ♃fi♩⁸כ♅ ♥◐◘☻ ─ DPR ╩ ∆╢ ╩ ⇔√⁹ 

₈Direct Potable Reuse Resource Document₉ TWDB⁸2015 │ DPR⌐ ∆╢ ⁸∕╣

╠─ ⁸ ╛◘▬♩ ─ ⌐ ∆╢ ꜟכꜙ☺◔☻ ╩ ⇔√╙

─≤⌂∫≡™╢⁹ 

♥◐◘☻ ─ DPR │ ↑─ ─ ╩ ∆╢╟℮ ↕╣⌂↑╣

┌⌂╠⌂™⁹↕╠⌐⁸ ─ CECs ─⸗♬♃ꜞfi◓⅜ TCEQ ♥◐◘☻

Texas Commission on Environmental Quality⌐╟∫≡ ↕╣≡™╢

≢│⌂™ ⁹TCEQ─▪ⱪ꜡⁸│♅כ ⌐⅔↑╢ ─ ⅛╠

AWTF advanced water treatment facility ╩ ⇔⁸∕─ ≢⁸ ⌂ꜞ☻◒ ╩

∆╢╟℮ ─ ⌂ ╩ ℮╟℮⁸ ─Ᵽꜞ▪⌐╟╢ ◦☻♥ⱶ╩

∆╢ ≢№╢⁹ 

TCEQ│ EPA ─●▬♪ꜝ▬fi⌐ ∫≡⁸ ⌐ ∆╢ ─ꜞ☻

◒ ╩ ⇔√⁹∆⌂╦∟⁸ ─≡™≈⌐ⱪכꜟ◓ ꜞ☻◒╩ 10,000

─℮∟ 1 ≤⇔≡™╢⁹∕─ ↕╣√◌ꜞⱨ◊ꜟ♬▪ ─ CDPH: 

California Department of Public Health⅔╟┘ NWRI National Water Research Institute─▪

ⱪ꜡25♅כ≤╙ ⇔≡⅔╡⁸ ─  6 ─ │ ─

─ ╩ ⌐⇔√╙─≢№╢⁹ 

 

 ̧ ►▬ꜟ☻  2.2 x 10-7 virus/L (Regli et al, 1991) 

 ̧ ☺▪ꜟ☺▪  6.8 x 10-6 cysts/L (Regli et al, 1991) 

 ̧ ◒ꜞⱪ♩☻ⱳꜞ☺►ⱶ  3.0 x 10-5 oocysts/L (Haas et al, 1999) 

 

₁─ ⌐ ∆╢ LRV ⁸│♩♇◕כ♃─ ─ ≤ ─ ≤─ ⌐╟∫≡

↕╣╢⁹↕╠⌐⁸TCEQ│ LRV ─ ╩₈ⱬfi♅ⱴ₉◒כ≤⇔≡ ╘≡™╢⁹ 

 

 ̧ ►▬ꜟ☻  8-log 

 ̧ ☺▪ꜟ☺▪  6-log 

 ̧ ◒ꜞⱪ♩☻ⱳꜞ☺►ⱶ  5.5-log 

 

                                                   
24 https://www.tceq.texas.gov/rules/indxpdf.html#290 
25 NWRI ñExamining the Criteria for Direct Potable Reuse, a National Water Research Institute Independent 

Advisory Panel Final Report prepared for Trussell Technologies under WateReuse Research Foundation Project No. 

11-02.ò (2013) 
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≥─ ⌐⅔™≡╙⁸LRV ─◒꜠☺♇♩│ ─╟℮⌂●▬♄fi☻ ⌐ ⇔≡ ∆

╢↓≤≢─╖ ↕╣╢⁹ 

 

 ̧ UV  ₈Ultraviolet Disinfection Guidance Manual₉ EPA⁸2006b  

 ̧ ◦☻♥ⱶ  ₈Membrane Filtration Guidance Manual₉ EPA⁸2005  

 ̧  ₈Long Term 2 Enhanced Surface Water Treatment Rule (LT2) Toolbox 

Guidance Manual₉ EPA⁸2010  

 

TCEQ│⁸ ─ LT2ESWTR EPA⁸2010 ⌐ ≠ↄ◒ꜞⱪ♩☻ⱳꜞ☺►ⱶ ⱪ꜡

☿☻⌐ ⌐ ∆╢ ◦☻♥ⱶ╩ ⇔√⁹⇔⅛⇔⁸TCEQ─▪ⱪ꜡⁸│♅כ

─↓╣╠ ⅜↕╠⌐ ™ ⌐ ⇔⁸ ─ ≤∆╢╙─≢

№╢⁹ 

 

 

c. ⱨ꜡ꜞ♄  

 

ⱨ꜡ꜞ♄ Florida Department of Environmental ProtectionFDEP │ IPR⌐

∆╢ ╩ ⇔≡™╢⁹ 

 

 ̧ Chapter 62-610 Reuse of Reclaimed Water and Land Application and drinking water 

regulations 

 ̧ Chapter 62-550 Drinking Water Standards, Monitoring, and Reporting 

 

ⱨ꜡ꜞ♄ ≢│ IPR │ ↕╣≡™╢⅜⁸╕∞ DPR ⅜ ╦╣≡™⌂™

Jacsonville ⅜ ⁹ⱨ꜡ꜞ♄ ⌐⅔↑╢ ─ DPR 2019 ⌐ ⇔

⌐ ∆╢ ≤⇔≡⁸ ⁸●▬♄fi☻ ─ ⅜ ╦╣≡™╢⁹FDEP│⁸ ⅔╟┘

─ MCLs ⌐ ⅎ≡⁸IPR ⅜ ─ ╩ ∆╢╟℮ ╘≡™╢⁹ 

 

 ̧ TOC  3 mg/L  

 ̧ TOX Ɫ꜡◕fi  0.2 mg/L  

 

 

d. ▪ꜞ♂♫  

 

▪ꜞ♂♫ ⌐⅔™≡⁸ ─ │ ⌐ ⁸ ╛ ≢

⇔≡⅔╡⁸╕√⁸ ⌂≥─ ⌐╙ ⌐ ↕╣≡™╢⁹ 
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⌐⅔™≡ ─ │ 1972 ⌐ ↕╣√⁹IPR⌐≈™≡│⁸ ≢─

ה ⁸╕√│⁸ ─ ─™∏╣≢╙⁸ SDWA Safe Drinking Water Act╩

⇔≡™╢ ─╙≤≢ ↕╣√⁹ 

ꜟכ♦♠♇◖☻ │⁸1998 ⁸ ─ ╡ ⅔╟┘ IPR ╩ ⇔≡

™╢⁹ 

 ̧ ⌐ 1.5 2 ♩fi⁸ ─ ה ⌐ 8 ♩fi╩ ⁹ 

 ̧ ⁸ ⁸ ╤ ╤ ⁸◒꜡ꜝⱵfi ⌐ ⅝⁸○♂

fi ⁸ MF ⌐╟╢ ⁸RO ⌐╟╢ ⁸UV ╩ ⁹ 

 ̧ │ 84 86%─ ⁹ 

 ̧ RO Ⱪꜝ▬fi │ ⌐ ↕╣⁸ ≤⇔≡ ⁹ 

 

▪ꜞ♂♫ ⌐⅔↑╢ DPR─ │ ↕╣≡™√⅜⁸2017 ⌐ ⅜ ↕╣√⁹

●▬♄fi☻─ⱨ꜠כⱶ꞉כ◒ │ 2018 ⌐ ↕╣⁸∕╣⅜▪ꜞ♂♫ ⌐⅔↑╢ ─

DPR ─ ≤⌂╢⁹ ™ ⌐ ⌂ DPR ⅜ Arizona Administrative Code⌐

↕╣╢ ╖≢№╢ 2019 ─ №╡ ⁹▪ꜞ♂♫ ⌐⅔↑╢ ─ ─

▪ⱪ꜡⁸│♅כ♥◐◘☻ ─╟℮⌐ ─ LRV ╩ ╘╢ꜞ☻◒ⱬ⁸─╙─☻כ◌ꜞⱨ◊

ꜟ♬▪ ─╟℮⌐ ⌂ ⌐ ⇔≡ ─ LRV ╩ 12/10/10≤∆╢╙──™∏╣

⅛≤ ⅎ╠╣╢⁹ 

⇔⁸RO ─ │⁸ ─ ─ ⅛╠⁸▪ꜞ♂♫ ⌐⅔™≡│ ╘╠╣≡™

╢ ≤╖⌂↕╣≡™⌂™↓≤⌐ ∆═⅝≢№╢26⁹ 

 

 

e. ⱠⱣ♄  

 

ⱠⱣ♄ ⌐⅔™≡│⁸R101-16 A REGULATION relating to water pollution controls; revising 

and adding certain definitions⅜ ⌐ ∆╢ ≤⇔≡ ↕╣≡™╢⁹ ⌐№√∫

≡│⁸ ⁸ ─ ⁸IPR ≢─ ╕√│ ≢─ ⅜⁸

ה ╠⅛Aכꜞ◗♥◌╡╟⌐ E╕≢ ╘╠╣≡™╢⁹ 

+Aכꜞ◗♥◌ NAC 445A.2761.1 ≢─ IPR╩ ∆╢ ⌐│⁸ ─ LRV ⅜ ╘╠

╣╢⁹  6  

 

 ̧ ►▬ꜟ☻  12-log ─ ⅛╠ ─ ⅛╠─ ⌐

╢╕≢─  

 ̧ ◒ꜞⱪ♩☻ⱳꜞ☺►ⱶ  10-log ─ ⅛╠ ─ ⅛╠─ ⌐

╢╕≢─  

                                                   
26 Carollo Engineers─  
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 ̧ ☺▪ꜟ☺▪  10-log ─ ⅛╠ ─ ⅛╠─ ⌐

╢╕≢─  

 

ⱠⱣ♄ ─ R101-16 │⁸◌ꜞⱨ◊ꜟ♬▪ ─ IPR ╩⸗♦ꜟ≤⇔≡ ↕╣≡

™╢⁹ 

 

Ừ ꞉◦ꜛכ ⅔╟┘ⱠⱣ♄  

 

 

 9 ⱠⱣ♄ ─꞉◦ꜛכ ⅔╟┘ ─  

 

 

ꜞⱡ │ⱠⱣ♄ ─ ─└≤≈≢№╡⁸ ─꞉◦ꜛכ ⌐ ⇔≡™╢⁹

╕√⁸☻Ɽכ◒☻ │ꜞⱡ ─ ⌐ ⇔≡™╢⁹⌂⅔⁸ⱠⱣ♄ ─ │꞉◦ꜛכ ─

⌐ ⇔⁸≥─ ⌐╙  fi◦♥▫≢№╢⁹♁כ◌™⌂↕

ꜞⱡ │ⱠⱣ♄ ─ ≢ ∆╣┌↕╒≥─ ⅜ ⇔≡™╢╦↑≢│⌂ↄ⁸

─╒≤╪≥╩◦◄ꜝⱠⱣ♄ ─ ↑ ⌐ ⇔≡™╢⁹↓─ ↑ │ ┌≈

⅜ ⌂™ ⌐ ╩ ↑╛∆ↄ⁸∕─√╘⁸ ─ ⅜⁸ ─ ╩

∆╢√╘⌐ ↕╣≡⅝√⁹↕╠⌐⁸IPR ─ ⌐╟∫≡⁸ ⅛╠

┼─ ⅜ ↕╣≡⅝√⁹ꜞⱡ ╩ ╘⁸ⱠⱣ♄ │ ⌐№╢√╘⁸RO

⌐≈™≡│⁸ ⅔╟┘ ╩ ≤∆╢ ⌂ ⅜ ≢№

꞉◦ꜛכ  

ꜞⱡ  

 ▫♥◦fi♁כ◌

☻Ɽכ◒☻  

►▫Ⱡⱴ♇◌  
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╢╙─≤ ↕╣≡™╢⁹ 

TMWA The Truckee Meadows Water Authority│ꜞⱡ ⁸☻Ɽכ◒☻ ⁸꞉◦ꜛכ ⌐⅔

↑╢ ⌂ ⁸ ≢№╡⁸ ≢ 400,000 ─ ⌐

╩ ⇔≡™╢⁹ ─ ⌂ כ◐♇ꜝ♩│ Truckee River ⅔╟┘ ≢№╢⁹╕

√⁸TMWA │ ─♩כ▫ⱨהכ◌כ◄11,000 ╩ ⇔≡™╢⁹ הכ◌כ◄⁸3,000

ⱨ▫כ◐♇ꜝ♩⅜♩כ ▪♬ꜟ◊ⱨꜞ◌⅜♩כ▫ⱨהכ◌כ◄⁸8,000 Ɫ♬כ Honey 

Lake ⅛╠─ ≢№╢⁹ 

 

 

כ◐♇ꜝ♩ 10  ⅔╟┘Ɫ♬כ ─  

 

꞉◦ꜛכ ─ ⌂ │ ─ ╡≢№╢⁹ 

 

 7 ꞉◦ꜛכ ─  

  

 

  

STMWRF (South Truckee Meadows 

Water Reclamation Facility) 

1.8 MGD 

(3.0 MGD) 

꞉◦ꜛכ   

RSWRF (Reno/Stead Water 

Reclamation Facility  

1.1 MGD 

(1.5 MGD) 

꞉◦ꜛכ ꜠⸗fi

Ᵽ꜠כ CDP27  

ⁿ 

TMWRF (Truckee Meadows Water 

Reclamation Facility) 

31.5 MGD 

(40 MGD) 

꞉◦ꜛכ ꜞⱡ

☻◒כⱤ☻ה  

ⁿ 

Cold Springs Wastewater Treatment 

Facility 

0.13 MGD 

(0.35 MGD) 

꞉◦ꜛכ  ⁿ 

                                                   
27 CDP │ ─ ─└≤≈≢№╢⁹ 

Honey Lake (Dry)

Pyramid Lake
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Verdi Meadows Wastewater 

Treatment Plant 

0.023 MGD 

(0.028 MGD) 

Verdi Meadows 

Utility Company 

 

Boomtown Wastewater Facility 0.14 MGD 

(0.18 MGD) 

꞉◦ꜛכ fl▼ꜟ

♦▫ CDP  

ⁿ 

Gold Ranch 0.010 MGD 

(0.010 MGD) 

꞉◦ꜛכ ꜟכ◗

♪ꜝfi♅ CDP  

ⁿ 

Lemmon Valley Wastewater 

Treatment Plant 

0.22 MGD 

(0.3 MGD) 

꞉◦ꜛכ  ⁿ 

 

ủ STMWRF South Truckee Meadows Water Reclamation Facility 

 

꞉◦ꜛכ ─ ☻ⱦכ◘ CSD Community Services Department CSD │⁸

stormwater ─ ⁸ ─ 5 MGD ⁸ ╩ ⇔≡™╢⁹ │ 16,000

─ ≢№╡⁸꞉◦ꜛכ ─ ─ ≢│ ↕™ ≢№╢⁹ 

CSD│ ╩ 3 ⇔≡™╢⅜⁸STMWRF South Truckee Meadows Water 

Reclamation Facility ─╖⅜ ─ ⌐ ╩ ⇔≡™╢⁹ 4.1 MGD≢

№╡ 2000 ⅛╠ ⁸◒ꜝ☻ A ─ ╩ ⇔≡™╢⁹ ≢│⁸ ⁸╤ ⁸

╤ ⁸ ╩ ∫≡™╢⁹ ╩ ℮ ⌐│ ⅜ ◦☻♥ⱶ⌐╟∫≡

↕╣⁸ ⌐│ ⅜ ─ ⌐ ⅎ╠╣╢⁹ 

⌂⅔⁸ ≢│ IPR─ ⌐ ↑√ ≤⇔≡○♂fi BAC ╩ ⇔≡™╢

⁹ 

 

ủ RSWRF Reno/Stead Water Reclamation Facility 

 

ꜞⱡ │ RSWRF Reno/Stead Water Reclamation Facility╩ ⇔≡™╢⁹ 1.5 

MGD≢№╡⁸ ─ ⅔╟┘ ─☻꞉fi Swan Lake ┼─ ⅜

╦╣≡™╢⁹STMWRF≤ ⁸ ─ ⌐ ⅔╟┘ ╩ ∫≡™╢⁹ 

 

ủ TMWRF Truckee Meadows Water Reclamation Facility  

 

☻Ɽכ◒☻ │ TMWRF Truckee Meadows Water Reclamation Facility╩ ⇔≡™╢

│☻Ɽכ◒☻ ⅔╟┘ꜞⱡ ⁹ 39.8 MGD─ ≢№╡⁸╤ ⁸

⁸ꜞfi ⁸ ⌐╟╢ ⁸ ⌐╟╢ ⁸ ⱨ▫ꜟ♃

כ ⁸ ♫♩ꜞ►ⱶ⌐╟╢ ⁸ ♫♩ꜞ►ⱶ⌐╟╢ ╩ ⇔≡
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™╢⁹ │⁸ ╩ ⇔≡⁸ Steamboat Creek╩ כ◐♇ꜝ♩≡ ⌐ ⇔≡

™╢⁹ 

 

ủ Cold Springs Wastewater Treatment Facility 

 

↔ↄ ─ ⁹ 

 

⌂⅔⁸ │꞉◦ꜛכ ─ ─ ⌂ ≢№╢ ⁹ 

 

ủ Carson City Water Resource Recovery Facility 

 

▫♥◦fi♁כ◌ ⱠⱣ♄ ─ ≢№╡⁸≥─ ⌐╙ ↕⌂™ │⁸Carson City Water 

Resource Recovery Facility╩ ⇔≡™╢⁹ ⅜ 6.9 MGD─ ≢№╡⁸

Ᵽ▬○ꜞ▪◒♃⁸כ ─╤ ⁸ ⁸ ╩ ⇔

≡™╢⁹ │⁸ ─ ⌐│ ─◗ꜟⱨ◖כ☻⅔╟┘ ⌐ ↕╣⁸ ⌐│

⌐ ⅎ╠╣≡™╢⁹ 

 

ủ Winnemucca Wastewater Treatment Facility 

 

►▫Ⱡⱴ♇◌ ꞉◦ꜛכ ─ ⌐ ∆╢ⱢfiⱲꜟ♩ ─ ≢│ Winnemucca 

Wastewater Treatment Facility⅜ ↕╣≡™╢⁹ 3.5 MGD≢№╡⁸ Ᵽ▬

╤⁸כ♃◒▪ꜞ○ ⌐╟∫≡ ⅜⌂↕╣≡™╢⁹ │ ≢│⌂

™ ≢№╢⁹ 
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 11 ꞉◦ꜛכ ─ ⌂ 28 

  

                                                   
28 Northern Nevada Water Planning Commission 
































































































































































































